services were then classified into four categories: provisioning, regulating, cultural and supporting services (MEA 2005b) .
Wetland definitions are numerous and often confusing. One of the earliest scientific definitions, still used today by scientists and managers, refers to lowlands covered with shallow and sometimes intermittent waters (Mitsch and Gosselink 2000) . Referred to by various names, such as swamps, lakes or ponds, they are among the most important habitats for the provision of ecosystem services. Wetlands perform a number of major functions in the hydrological cycle of the planet (Bullock and Acreman 2003) and are associated with a diverse and complex array of direct and indirect uses and services, such as: provision of fish, timber and crops (categorized as provisioning services) (Emerton and Bos 2004) ; flood water retention, groundwater recharge, nutrient reduction and improvement of water quality (categorized as regulating services) (MEA 2005b , Wang et al. 2006 ; primary productivity, nutrient cycling and nursery refugia (categorized as supporting services); and ecotourism and birdwatching (categorized as cultural services) (De Groot et al. 2002) . In addition, wetlands are important habitats for local species and for aquatic and terrestrial migratory species Kaberger 1991, Gerakis and Kalburtji 1998) .
In spite of their crucial role in providing major ecosystem services, wetlands are continuously degraded (Gren et al. 1994) and have disappeared or declined in many areas around the world (Hollis 1990 , Hollis and Jones 1991 , Kingsford 2000 . According to the MEA, over 50% of specific types of wetlands in parts of North America, Europe, Australia and New Zealand were destroyed during the 20th century, and many others in many parts of the world were degraded (MEA 2005a) . The primary direct drivers of inland wetlands degradation and loss include land conversion, infrastructure development, water withdrawal, pollution, the introduction of invasive alien species and overexploitation (MEA 2005a , Levin et al. 2009 ). Degradation of many of the world's wetland systems is still increasing, and more and more of them are converted, for instance, to agricultural use (Gerakis and Karbutji 1998, Wang et al. 2006) . Conversion of wetlands can be considered synonymous with complete loss of natural wetland functions and benefits (Hollis 1990 , Dixon 2003 ; in areas where water is 2 Spatial scale refers to whether the trade-off 's effects are felt locally or at a distant location; temporal scale refers to whether the effects take place rapidly or slowly; reversibility expresses the likelihood that the perturbed ES may return to its original state if the perturbation ceases (Rodriguez et al. 2006) . scarce, such as in semi-arid zones, wetlands are particularly sensitive to water quality degradation due to the reduced capacity for waste dilution (MEA 2005a) .
Ecosystem service trade-offs occur when the provision of one ecosystem service is reduced as a consequence of an increase in the provision of another ecosystem service. Such trade-offs may result from explicit management choices, or be an outcome of economic or natural processes. Rodriguez et al. (2006) proposed to classify ecosystem service trade-offs along three axes: spatial, temporal and reversibility 2 . Ecosystem service trade-offs in inland aquatic habitats have been poorly investigated (Finlayson and D'Cruz 2005) ; here we present an example of extensive trade-offs that appeared between ecosystem services in inland waters. We analysed the ecosystem services along the three axes advanced by Rodriguez et al. (2006) in the Hula Basin, in four consecutive periods, by assessing changes in the ecosystem services provided by the Hula under different management regimes. This is the first major attempt to analyse how different approaches to wetland management influence the provision of ecosystem services, and what trade-offs occur between these different regimes.
It is important to consider ecosystem services when implementing management regimes in wetlands. Managers often have to address the potential trade-offs between ecosystem services at the local level. But previous studies have rarely discussed such trade-offs other than within the framework of hypothetical scenarios, such as in the Millennium Ecosystem Assessment (e.g. Rodriguez et al. 2006 , Posthumus 2010 , Gordon et al. 2010 , or at large scales (e.g. Foley et al. 2005 , Raudsepp-Hearne 2000 , Swallow et al. 2009 ). Daily et al. (2009) referred to the large number of studies of ecosystem production functions focusing on a single ecosystem service and underlined the need for integrating multiple services at a regional or global scale.
Here we study trade-offs between ecosystem services that have occurred since the 1930s at the Hula, an inland wetland located in the northern Jordan Valley (see Fig. 1 ). We present first results of an a posteriori study of ecosystem service trade-offs under different water flow and management regimes in a specific small-scale case study situation, where a historical account of services is available. We review major changes in ecosystem services, based on literature and information collected from interviews with stakeholders relevant to the Hula over a period of almost 80 years. This paper analyses the impact of changes in wetland hydrology and their effect on land use, and consequently on ecosystem services. We chose the Hula wetland for its well studied drainage and rehabilitation history and its important location in terms of water regulating services in Israel, as the drainage basin of the Sea of Galilee (Lake Kinneret), one of Israel's primary freshwater storage and supply reservoirs (Gophen 2008) .
The Hula wetland was drained in the 1950s, and the peat soil was converted into arable land. The Jordan River's water that flowed through it to the Sea of Galilee, thus benefiting from its regulating services, was greatly affected by this transformation. The Hula Valley is the main source for nutrient (N and P) loading to the Jordan River (Litaor et al. 2006) . Hence, any land-use change, and particularly the elimination of the Hula wetland as a settling pond for nutrients, directly impacts on the quality of the water downstream in the Sea of Galilee (Salik 1975) . Following drainage, the peat exposed to air started decomposing and large environmental problems started to occur, including the release of large quantities of nutrients downstream (Avnimelech 1999) . During the 1970s, a first series of water management steps were elaborated and implemented to prevent nitrate leakage from the Hula Valley (Litaor et al. 2008) , which led to reduction of both nitrate leakage from the region and influx into Lake Kinneret (Avnimelech 1999) . The incessant decline in soil quality and fertility initiated a multi-disciplinary study that was conducted to stop the degradation of the peat soil and protect the Sea of Galilee from nutrient loads (Shaham et al. 1990) . The implementation of the Agamon Project, which re-created a settling pond in the area where land subsidence occurred as a result of the peat drying up, reduced dramatically the nutrient flow. However, a debate arose concerning the impact on nutrient balance, generating algal blooms at the Sea of Galilee Zohary 1998) .
THE HULA CASE STUDY-HYDROLOGY, ECOLOGY AND MANAGEMENT OF THE HULA
Israel is a semi-arid country, with desert climate in its southern part and a Mediterranean one in its north, an annual average temperature of 20 • C and seasonal rains which subject wetlands to water-level fluctuations. The Hula Valley, which is approximately 70 m above sea level, occupies the northernmost segment of the Jordan-Arava rift valley (see Fig. 1 ) (Litaor et al. 2008) . The precipitation period in the Hula Valley is relatively long compared to the rest of the country. The rainy season starts in October and ends in May, with a maximum between December and February (Karmon 1956 ). During the subsequent dry season, streamflow is dominated by baseflow contributions until precipitation recommences the next winter (Brielmann 2008) . Therefore, wetlands are influenced by sequential seasonal events of flooding and drying over an annual cycle Resh 1999, Levin et al. 2009 ). Annual rainfall in the Hula Valley ranges from 400 to 600 mm (Karmon 1960) . Here, we review the management, hydrology and ecology of the Hula wetland in the past 80 years and focus on four phases which characterize significant management regimes and/or significant environmental changes:
-Phase 1: the Hula wetland before drainage . We defined Phase 1 as the years 1930-1950, since the data found covered these years, although some conditions might be similar to those in earlier decades; -Phase 2: after drainage . The drainage occurred between 1951 and 1958; -Phase 3: a degradation stage (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) ; and -Phase 4: after the re-flooding of Agamon Lake (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) .
Changes in land cover and land use at the Hula Wetland
We found major discrepancies between published maps of the Hula Lake and swamp areas before drainage. These discrepancies are probably due to annual fluctuations, greatly affecting permanent and temporary submerged areas (see Zohary and Hambright 1999) . To improve the accuracy of the maps and, consequently, the accuracy of our analyses, we prepared new maps (see Figs 2-5), based on the most accurate information found, in private and public archives (archive details are given under each map). In Fig. 2 , the information shown is strictly taken from the original 1949 Drainage Plan. The un-shaded areas represent areas where no information on land use was recorded. In addition, because, during Phase 2, more data were collected than for the other three phases, and as there is a big difference between the time immediately after the drainage and the end of the 1970s, we prepared two maps for Phase 2-for 1958 ( Fig. 3(a) ) and for 1976 ( Fig. 3(b) )-to show precise changes in land use. In Figs 2-5, the dashed "study area" refers to the Hula's historical wetland area, including the lake, the swamps and the areas flooded during part of the year (total of 57 km 2 ). In the maps, the area outside the dashed line is slightly lighter, to highlight the study area. Figure 6 represents the change in land cover and land use in the historical Hula Wetland, our study area. The areal analysis is based on the GIS figures. Figures 2-5 depict changes in land cover and land use in the four phases. In Fig. 2 , the areas are divided into swamps, lake and partly flooded areas; i.e. land cover. In the following maps, the areas refer to land use, such as agricultural land and fish ponds.
Phase 1: before Hula drainage (1930-1950)
The Hula was a freshwater inland wetland, divided into a shallow lake and swamps (see Fig. 2 ). Before drainage, about two thirds of the water flowing into the Hula Lake came from the Jordan River. Three rivers-Dan, Hazbani (or Snir) and Banias-flowed from Mount Hermon and met at the Hula Valley to form the Jordan River, which split again into several branches before entering the swamps (see Fig. 2 ). These flows were augmented from local springs, contributing approximately 63 hm 3 of water, out of the 448 hm 3 flowing in the Jordan River at the south end of the lake in an average year (Fohs 1936) . The stronger and perennial western branch, the Jordan River, crossed the swamps and emptied into the lake Orshansky 1947, Hambright and Zohary 1998) , then continued through the basin, and emptied into the Sea of Galilee (Litaor et al. 2008) .
The total surface area of the land geographically defined as Hula Valley is about 200 km 2 and provides about 7% of catchment in the watershed basin of the Sea of Galilee (Gophen et al. 2003) . In the valley, the total area of the Hula Wetland fluctuated annually from 21 km 2 in summer to 60 km 2 during winter floods (Dimentman et al. 1992 , Zohary and Hambright 1999 , Olsvig-Whittaker et al. 2005 . The wetland's lake area fluctuated between 12 and 14 km 2 and the fluctuation in the swamp area was much greater. The water depth in the lake was on average 1.5-2.5 m, with a maximum of 3-4 m (Dimentman et al. 1992) .
In the centuries and decades preceding drainage, buffalo farming, crops, fishing and hunting in the Hula area were important economic activities for local populations (Karmon 1956 , Dimentman et al. 1992 . Traditional crops were grown, such as rice, wheat, maize (Zohary and Hambright 1999) , cotton and sugar-cane; rice cultivation was prohibited during some of the years preceding the drainage, due to its contribution to the spread of malaria (Karmon 1956 , Dimentman et al. 1992 . The local settlements suffered heavily from malaria, but improvements in agricultural practices and the new use of pesticides such as DDT reduced considerably the infection rate (Zohary and Hambright 1999 ) and the malaria problem was considered solved before the drainage (Duany 2010) . The rich pasture lands in the northern parts of the swamps, where the water table was high, served for intensive local and introduced cattle raising (Karmon 1956 ). In addition, the natural papyrus, Cyperus papyrus, and reeds growing in the wetlands served the local populations as raw material for the construction of huts, mats, ropes, baskets and small fishing rafts (Breslavsky 1955) , and the papyrus rhizomes served as fuel (Zohary and Orshansky 1947) . On the western slopes of the Hula, overgrazing and extensive deforestation led to increased runoff and sediment loading to the wetland. This phenomenon was reduced when reforestation started and grazing was limited (Dimentman et al. 1992) . The Hula Wetland was characterized with high species and habitat diversity, with 11 different standing and running water habitats (Breslavsky 1955 , Dimentman et al. 1992 . Dimentman et al. (1992) present an inventory, based on a compiled list of over 700 species of aquatic invertebrates, fish and lake-dwelling higher vertebrates, recorded before the drainage, including more than 300 species of aquatic insects, 29 mollusc, 18-19 fish, four amphibian, three reptile and three mammal species (Dimentman et al. 1992) . In addition, it was an attractive resting and feeding site for migratory bird species on their route between Europe and Africa (Hambright and Zohary 1998) . According to Breslavsky (1955) , papyrus could be found in very small quantities in other areas in Israel (Apolonia, Ginosar Valley, near the Dead Sea), and was very abundant at the Hula Valley.
Phase 2: drainage years (1951-1979)
The drainage of the Hula Wetland was planned by the Israeli government (Agamon website http://www. agamon-hula.co.il/), as part of the agriculturally-led nation-building settlement programmes of the early state period, on the basis of a drainage concession purchased in 1934 by the (Jewish-owned) Palestine Land Development Company (Gvati 1981) . It took place between 1951 and 1958, in an attempt to reduce evapotranspiration, increase the water potential for the whole country, convert 60 km 2 of lake and swamps into arable land and use the peat for fertilizer and for industry, an objective that was never achieved (Zohary and Hambright 1998) . It is important to note that this approach was not unique; similar attitudes toward wetlands were prominent at that time all over the world (Duany 2010) . The Hula Wetland was drained in spite of previous studies that argued that such a project was not economically profitable and had problematic environmental implications, particularly due to the effects of peat lands (Ben Porath and Minzker 1996) . Still, it has been argued that given the conditions, the information available and constraints at that time, the decision taken to drain can be justified (Avnimelech 1999) .
The original Jordan River channel downstream was deepened to allow all the water to flow out of the wetland, to the Sea of Galilee, and two major channels were dug on both the western and eastern sides of the Hula Valley (Karmon 1956 , Shaham et al. 1990 , Duany 2010 ) (see Fig. 3 (a) and (b)). This resulted in an increase in the quantity of water reaching the Sea of Galilee to 584 hm 3 (Salik 1975) , due to the reduction in evaporation in the Hula Valley. In parallel to the drainage of the Hula, an area of 430 ha (reduced to 318 ha, due to a fear of water shortage, in 1959) (Paz 1975 ), located at the contact point between the lacustrine and palustrine soils, on the northwest end of the historical lake (see Fig. 3 (a) and (b)), was designated for the establishment of a nature reserve, to preserve a representative area of swamp and lake. In 1964, the Hula Nature Reserve was established, thus becoming the first nature reserve in Israel (Dimentman et al. 1992) . It was managed by the Keren Kayemeth L'Israel Jewish National Fund (KKL-JNF), and from 1968 by the newly-created Nature Reserves Authority. Under KKL-JNF management, the Hula Nature Reserve was open to the public, and sponsored tourist boats were organized to visit the nature reserve, in spite of objections of the Society for the Protection of Nature in Israel (SPNI) (Duany 2010) . In addition, people at the Hulata Kibbutz brought visitor groups, which included locals, students and nature lovers, to see the wetlands (Duany 2010) . Although the nature reserve helped conserve part of the original landscape, because of its belated establishment, as well as lack of experience and expertise of its managers (Duany 2010) , it could not prevent the local extinction of animals and freshwater plant species, some of which were endemic 3 (Paz 1975 , Furth 1976 , Dimentman et al. 1992 .
Following the damage and operational problems that occurred during the nature reserve's first years, there was urgent need for restoration, and such an attempt was carried out between 1971 and 1978 (Skutelsky and Oron 2008) . The goals of the nature reserve's first restoration plan were to rebuild its dikes 3 List of extinct animal species that were endemic to the Hula Lake: Dendrocoelum sp.; Rhyothemis semihyalina syriaca; Urothemis edwardsi hulae; Gyrinus n.sp.; Herophydrus galilea; Hydrovatus n.sp.; Hydrobiomorpha levantina; Laccobius levantinus; Discoglossus nigriventer (Dimentman et al. 1992) .
to reduce water infiltration; to build different systems to better control water levels in different parts of the nature reserve; and to build ponds to restore aquatic habitats where water quality was good (Skutelsky and Oron 2008) .
Finally, a change that slowly took place in terms of management was the transfer of control from the Lake Kinneret Authority (a watershed authority that was established in 1969 to coordinate the lake management, in order to maintain high water quality in the lake) to the local water authority, dominated by the agricultural sector; this slowly led to destruction of water control in the area (Avnimelech 1999) .
Phase 3: Hula Valley degradation (1980-1993)
The drainage of the lake and the adjacent marshland had significant agricultural, ecological and social implications (Litaor et al. 2006) . The mistakes and limitations of the decision-making process in the drainage planning became obvious in this period. However, the lack of a monitoring system delayed the detection of problems (Avnimelech 1999 ). Severe problems developed over the following decades, in different parts of the Hula Valley: peat decomposed, the groundwater table level decreased and air penetrated the dried peat, enhancing microbial decomposition of organic matter (Gophen et al. 2003) . These processes led to uncontrollable underground fires (see Fig. 4 ), the formation of dangerous caverns within the peat (Hambright and Zohary 1998) , and dust storms in the valley that affected the local population and the crops. In addition, the peat decomposition led to the release of several byproducts. One sequence of processes was the release of ammonium, its oxidation to nitrate and its subsequent accumulation in the soil. In wintertime, the rain washed the nitrate into the Jordan River downstream, eventually leading to eutrophication in the downstream Sea of Galilee (Avnimelech 1999 , Litaor et al. 2006 . As a result of peat degradation, the soil level at the centre of the Hula Valley subsided by 3 m at the lowest point, compared to its height at the end of the drainage (Shaham et al. 1990 ). About 16 km 2 of peat land deteriorated and was no longer irrigated (Tsipiris and Meron 1998) (see Fig. 4 ). The nature reserve remained at the same height as the rest of valley margins since it was continuously supplied with water. It therefore gradually became isolated from the centre of the historical wetland and, thus, dependent on artificial water alimentation, later pumped from the bottom of the valley.
Phase 4: following the creation of the Agamon Lake (1994-2010)
Starting in 1983, a multi-disciplinary team worked to review and coordinate scientific and management knowledge, and to direct additional research in the fields of agriculture and hydrology, in order to identify and understand the processes that took place at the Hula Valley (Shaham et al. 1990) . The feasibility study report, guided by the Lake Kinneret Authority, was published in 1990 (by Shaham et al. 1990) , and presented various alternative plans. Their primary goal was to stop the degradation of the peat soil and protect the Sea of Galilee from possible increased nutrient load (Markel 2004 ). However, they differed from one another in their focus on the promotion of agriculture or tourism and landscape conservation. The recommendation of re-flooding part of the Hula Valley came at a time when, due to the decreasing profitability of agriculture, the income from farming became increasingly uncertain and tourism came to be seen as a promising industry. Hence, the proposed plan was quickly implemented (Animelech, 1999) . In 1994, 100 ha of the least agriculturally productive peat soils in the Hula Valley were re-flooded, to create the artificial "Agamon" Lake, located where the most extensive peat deterioration and subsequent winter inundation had occurred (Tsipiris and Meron 1998) . Moreover, a network of 90 km of shallow flood and drainage canals was created to raise the water table level (Hambright and Zohary 1998) ; the old course of the Jordan River was reconstructed as the water supply canal to the lake (Tsipiris and Meron 1998) (see Fig. 5 ); and little islands were constructed in the lake, to allow bird nesting and resting (Shaham et al. 1990 ). In addition, practical actions were taken to minimize the potential flow of polluted water to the Sea of Galilee:
(a) Pumping stations and regulation facilities were constructed to prevent overflows from the peat land into the Jordan River, and water flowing at the southern end of the lake was diverted into the Enan Reservoir, to be treated for agricultural use (Markel et al. 1998) , or southward, to the Jordan River. (b) A pipeline carrying sewage effluents from the communities in the Hula Valley was built and directed to the Enan Reservoir (Hambright and Zohary 1998) . (c) A plastic sheet was placed vertically from soil surface down to 4.5 m deep along 2.8 km, crossing the valley from west to east, south to Agamon Lake to reduce underground water infiltration (Gophen et al. 2003) .
The creation of the new lake elevated the water table in the centre of the Hula Valley by at least 60 cm (Tsipris and Meron 1998) and transformed the relatively dry, oxidized peat soils into wet and anaerobic soil environments (Hambright and Zohary 1998) . Finally, the rehabilitation of these areas was expected to create attractive conditions for the re-establishment of the lost faunal and floral species (Hambright and Zohary 1998) , including water birds (Markel 2004) . Still, nobody expected that a few years later, the new Agamon Lake would become a leading birdwatching site in Israel (Markel 2004 ). In addition, changes were made in the water flow to the nature reserve. For 30 years, the water quantity and quality provided to the nature reserve totally depended on external factors (such as fishpond needs or the maintenance of Enan Reservoir, from which water flowed to the nature reserve) (Skutelsky and Oron 2008) . In the beginning of the 2000s, due to the poor water quality in the nature reserve and its deteriorating ecosystem, two important changes occurred: significant progress was made toward the recognition of nature's rights for water 4 ; and the western channel, which supplies water to the nature reserve, was converted to convey clean Jordan water (Skutelsky and Oron 2008) . The nature reserve's second restoration plan began between 2003 and 2004, and its main goals were to create the infrastructure that would provide appropriate water quantities and that would control the water system; reduce water penetration through the dikes; and set a system for monitoring and controlling water (Skutelsky and Oron 2008) . Finally, it is important to note that the Hula Nature Reserve management plan, prepared in 2008 (Skutelsky and Oron 2008) , is used as an adaptive management tool (Y. Artzi, personal communication).
ECOSYSTEM SERVICES PROVIDED BY THE HULA WETLAND
Here, we list the ecosystem services provided by the Hula Wetland, according to the Millennium Ecosystem Assessment's four categories and ecosystem services definitions, following the time frames used in Section 2. We present ecosystem services for which there are existing, albeit sometimes partial, data.
Provisioning services
3.1.1 Food Before drainage, provisioning services were food production (fish, wild game) and some agriculture by the local population.
Following drainage, the provisioning ecosystem services provided by the converted Hula Wetland changed drastically. In 1955, the Hula Development Authority, a governmental holding, was created to develop the agriculture on the peat lands (Ben Porath and Minsker 1996, Avnimelech 1999), and many changes occurred on the Hula landscape. Both fishponds and agriculture developed quickly. For instance, already in the summer of 1958, fields of maize were planted on the old lake without use of fertilizer (Dimentman et al. 1992) . According to Karmon (1956) , fishponds increased from 2.9 km 2 in 1948 to 10.7 km 2 in 1953 (representing 37% of the national fishponds area); wheat crops grew from 869 tons in 1948 to 3150 tons in 1952; barley crop production increased from 886 tons in 1948 to 17 232 tons in 1952. In addition, although the number of species decreased following the drainage (see Section 3.4.4), some species benefited greatly; for instance, catfish (Clarias lazera), a carnivorous benthonic fish, caused damage by preying on chicks of different water fowl species at the nature reserve (Paz 1975) . Accordingly, KKL-JNF decided to practice commercial fishing in the nature reserve, and, between 1963 and 1968, large quantities of fish were caught (Paz 1975) . This stopped as soon as the nature reserve management was transferred to the Nature Reserves Authority in 1968 (Paz 1975) .
In the 1980s, the situation in the converted wetland degraded. The flourishing agricultural provisioning services that had been provided shortly after the drainage dropped, and, gradually, the agricultural value of the reclaimed land decreased. The governmental holding, replaced later by an organization of several villages, lost money and partially neglected the cultivation of problematic plots (Avnimelech 1999) , resulting in low production and high costs (Ben Porath and Minzker 1996) .
Following the creation of the Agamon Lake and channels (after 1994), the Hula Valley allowed the area of crop lands to increase (from 34 to 37 km 2 ) in rehabilitated soils, thereby increasing the food provisioning services. Finally, for management purposes, fishermen lately operate a catfish trap to remove many individuals of that overabundant species from the Hula Nature Reserve. This project is part of the fish management in the reserve, and is monitored closely by the nature reserve's manager and ecologist (Y. Artzi, personal communication). Although fishing is performed for management purposes, it could be viewed as potential economic provisioning service.
Raw materials
As noted above, there is information on the use of raw materials before the drainage: local populations used the natural papyrus and reeds that grew in the Hula Wetland for the construction of huts, mats, ropes, baskets and small fishing rafts (Breslavsky 1955) . We found no evidence of raw materials being used for such purposes later on.
Fibre and fuel
Before drainage, fibre and fuel were provided by the Hula Wetland through the production of logs and fuel wood (Dimentman et al. 1992) . This stopped in the1950s, but largely as a result of the economic and cultural changes in the region (Duany 2010) , rather than directly due to the drainage.
Regulating services

Water regulation
The Hula wetland is situated at an important location in terms of water regulating services in Israel, as it is at the centre of the drainage basin of the Sea of Galilee, a major storage and supply reservoir for Israel's freshwater (Gophen 2008) . Following drainage, water storage services were terminated in the Hula Valley and increased in the Sea of Galilee; this service was partly restored following rehabilitation (Agamon Project). Dimentman et al. (1992) reviewed the physico-chemical characteristics of the water and sediments prior to drainage and found that the Hula Wetland provided regulating services by purifying the water, acting as a nutrient sink and removing excess nutrients and other pollutants. Among the nitrogen compounds, only ammonia was present in measurable concentrations, while nitrate and nitrites were absent or present in negligible quantities. Chloride concentrations were very low too. The peat sediments, an autochthonous product of the swamps, contained relatively high levels of minerals (Dimentman et al. 1992) .
Water purification
Following drainage, this important nutrient sink was removed. Consequently, there was an increase in suspended material and nitrate loadings into the Sea of Galilee from the Hula Basin via the Jordan River (Litaor et al. 2003) , with peat being listed as a major source of pollution in the first Sea of Galilee master plan (Salik 1975) . Due to water shortages, the water supplied to the Hula Nature Reserve was wastewater from fishponds (Paz 1975) .
In the late 1970s-1980s, the provision of water purification services continued to decline, increasingly affecting the Sea of Galilee. The Hula Lake ceased to function as a "pre-impoundment" to the Sea of Galilee, and substantial portions of the heavy sediment and nutrient loads of the Jordan River were now washed into the Sea of Galilee (Hambright and Zohary 1998) .
After the Agamon Project was completed, the hydrological regime of the Hula Valley underwent profound changes (Tsipiris and Meron 1998) , and the newly re-flooded area ensured better water quality in the Sea of Galilee, by reducing nutrient loads (Gophen et al. 2003) .
Erosion
Following drainage, and due to inadequate agro-management, the peat soil subsidence led to degradation of soil texture and structure, accelerated wind, rapid oxidation of organic matter, and, occasionally, soil conflagration (Litaor et al. 2012) . In addition, due to the proliferation of voles (see Section 3.4.4), farmers abandoned parts of the agricultural croplands, stopped watering these areas and further enhanced the rate of soil deterioration (Hambright and Zohary 1998) . After the creation of the Agamon Lake and, in order to prevent the soil degradation, soil and agricultural scientists devised a crop rotation and sprinkler irrigation scheme (Hambright and Zohary 1998) .
Cultural services
3.3.1 Recreational Before drainage, the wetland provided traditional activities for the local population, such as the production of mats, but little recreation services.
An unexpected cultural service that appeared during the drainage were tourist visits organized in the "dying wetland" (Duany 2010) . Cultural services were provided, but for a short period (when the nature reserve was later closed to public access for its restoration), via educational and tourist tours at the Hula Nature Reserve. Still, the provision of these services was very limited throughout the third period.
The Agamon Project created ecotourism opportunities (mainly based on birdwatching), beneficial to both local and international visitors. For instance, there were about 320 000 visitors at the Agamon site in 2009 (K. Samarano, personal communication). In addition, the Agamon Project was beneficial to livelihoods at the local level, for instance for tourist guides working in the wetland area and ornithologists working at the SPNI bird centre at the Hula Wetland (at the Agamon site). Although public entry to the Agamon is free of charge, the tourist services (e.g. renting of bicycles and golf carts, riding safari wagon) produce revenue. The Hula Nature Reserve, which allows access only to a very limited area and facilities, based on the NPA's management principles, also welcomed visitors in relatively large numbers since the Agamon opened, amounting to 121 000 in 2009 (data from Nature and Parks Authority). As opposed to the Agamon, entry into the Hula Nature Reserve involves an entrance fee. In addition, although fishing at the wetland sites is strictly forbidden (www.agamon-hula. co.il), a small group of anglers often fish illegally at the Agamon; the small number of fish caught, and the fact that they are expelled immediately by rangers (Y. Ben-Dor, personal communication), make this ecosystem service more a pastime service than a provisioning one.
Aesthetic
Following the Hula drainage, the "dying lake" left a negative image in the Israeli ethos, and the Hula Nature Reserve could not compensate for the loss of natural values (Ben Porath and Minzker 1996) .
Following the Agamon re-flooding project, the Hula became very attractive for its artistic and inspirational values. For instance, an international artist project, "Artists for Nature", took place in 2008 and 2009 at the Agamon (Z. Labinger, personal communication).
Educational
Cultural services of an educational nature were provided during all the years: material for scientific investigation was provided by the wetland, for local and foreign scientific teams to study the Hula wetland, and resulted in a large number of scientific publications (Dimentman et al. 1992) . It is difficult to assess temporal variations concerning this ecosystem service.
To this day, the Hula wetland sites provide services for formal and informal education and training, by regularly welcoming classes and researchers.
Cultural heritage
One of the main contributions of the Hula Nature Reserve, in terms of cultural services, is the establishment of the first nature reserve in Israel (Hambright and Zohary 1998) , and the fact that the experience gained in its management led to changing the legal definition of nature reserves in the country, thereby allowing human intervention for the sake of its preservation (Duany 2010 ). Although often so described in Israeli folklore, the SPNI-the largest non-governmental organization for nature conservation in Israel-was not created as a result of the Hula drainage (A. Alon, personal communication, Tal 2006) . The SPNI was officially created in 1953, though its first members started their gatherings and activities around two years before the Hula drainage (A. Alon, personal communication).
The transformation of the Hula wetland over the years provides, from the 1990s until today, a unique cultural service of heritage value, significant to planners, land managers and conservationists. The lesson provided by the outcome of the Hula drainage project is that unexpected (though not necessarily unforeseen) impacts are likely to follow an application of ecosystem management measures that are not entrenched in available scientific knowledge (Safriel, personal communication) .
Finally, in 1995, the Hula Nature Reserve was designated the first "Wetland Site of International Importance" in Israel, by the Ramsar Convention on Wetlands (Olsvig-Whittaker et al. 2005) .
Supporting services
Nutrient cycling
Following the rehabilitation of the Hula Wetland, the combination of abundant nutrients, diverse aquatic habitats and sunlight produced high primary production by both freefloating and attached algae (Zohary et al. 1998) , as well as emergent and submergent vascular plants (Kaplan et al. 1998) . Unfortunately, there are no data regarding nutrient cycling prior to drainage, although it can be contemplated that the same services occurred as above, but to a greater extent.
Habitats
Before drainage, the different aquatic habitats allowed a high diversity of species, some endemic. For instance, birds used the various habitats of the swamps very intensively for breeding and nesting (Dimentman et al. 1992) . The temporary inundated areas, situated in the valley north of the swamps, harboured various hydrophilic species Orshansky 1947, Dimentman et al. 1992) and allowed the existence of a variety of organisms, such as fish, amphibians, crustaceans and insects.
Following the Hula drainage, and in spite of the creation of the Hula Nature Reserve, many habitats disappeared or were disrupted, and many plant and animal species disappeared, among them endemic species (Paz 1975 , Dimentman et al. 1992 . For instance, according to Dimentman et al. (1992) , about 120 faunal taxa were not recorded in the Hula Valley since the drainage. These include some 49 species of aquatic insects, three mollusc species, two fish species, one amphibian species and one mammal species (see Dimentman et al. 1992 for a full list). From the point of view of nature lovers and hikers, the Hula Nature Reserve was far from resembling the original wetland. The ponds and pool landscapes disappeared, the large lake-planned for 1.5 km 2 -was reduced to 0.2 km 2 , and the water level was lower than expected, causing the disappearance of most submerged and semi-submerged water plants (Paz 1975) . Most of the 16 fish species that inhabited the Hula Wetland before the drainage disappeared (Paz 1975) , and some other species, were affected adversely (Paz 1975) . In addition, a secondary effect of the landuse changes was the proliferation of (social) voles (Microtus socialis), whose population developed on agricultural crops in the valley. The serious damage they caused led to massive use of rodenticides (Yom-Tov and Mendelssohn 1998, Ashkenazi and Dimentman 1998) , and the poisoned voles became easy prey for local and migratory raptors, causing secondary-poisoning bird mortality that involved also endangered species (Safriel 2008 , Dolev et al. 2009 ), thus affecting ecosystem services on a larger scale.
Habitat degradation continued until the re-flooding project of the Agamon Lake, which helped rehabilitate the diverse wetland landscapes (Labinger and Skutelsky 2005) . Today, the Agamon provides an important resting habitat for migrating birds on their route between Africa and Europe (Shy et al. 1998 , Shmueli et al. 2000 , Olsvig-Whittaker et al. 2005 . In addition, the Hula Wetland harbours diverse plant communities thanks to the different available habitats (Skutelsky and Oron 2008) . In 30 years, many species have been monitored and observed at the Hula Nature Reserve (e.g. 340 plant species, over 300 bird species, over 25 mammal species, three amphibian and four reptile species) (Skutelsky and Oron 2008) . During that time period, both species numbers and the composition of the biological communities have changed (Dimentman et al. 1992) .
TABULATED AND GRAPHIC SUMMARY OF ECOSYSTEM SERVICES PROVISION AT THE HULA WETLAND
The changes in ecosystem services provided by the Hula Wetland in the past 80 years are summarized in Table 1 and in Fig. 7 , based on the patterns presented above. We adapted Table 1 from the ecosystem services lists developed by the Millennium Ecosystem Assessment (2005a) and by Finlayson and D'Cruz (2005) . In Table 1 , the column T1 is the base time for analysis, and columns P2, P3 and P4 relate to phases 2, 3 and 4, as described above. We marked the ecosystem services provision from "0" to "3", where 0 denotes "no ecosystem service provision" and 3 -"maximum ecosystem service provision" in the defined period.
DISCUSSION
We studied ecosystem services provision and tradeoffs, in different temporal phases and under different management regimes, at the local scale. We analysed trade-offs in ecosystem services at the Hula Wetland over a period of 80 years. The time frame chosen for the four defined phases in this paper was based on significant hydrological and environmental events that occurred at the Hula Valley. The Hula drainage and the Agamon re-flooding project, which were the result of key management decisions, clearly delimit between phases 1 and 2 and between phases 3 and 4. The delimitation we used here between phases 2 and 3 is based on the environmental trajectory of the Hula Valley. We produced five GIS land cover and land-use maps (Figs 2, 3(a), 3(b), 4 and 5), which provide, for the first time, insight into land cover and land-use changes in the area, thus describing the impacts of management practices on ecosystem service provision. Before the Hula drainage (until 1950) , provisioning services were made through the production of food and use of raw materials by the local population. In addition, freshwater was provided, stored and retained by the swamp, fibre and fuel were used domestically and biodiversity was high. The Hula Wetland provided regulating services, by purifying the water and removing excess nutrients and other pollutants. Cultural services were provided through scientific exploration and traditional activities, such as production of mats. Finally, the Hula provided supporting services, such as the large number of habitats for local and migrating species.
Following drainage (between 1951 and 1979) , ecosystem services provided by the converted wetland changed drastically. Provisioning services changed to mainly cultivated crops. Regulating services dropped as the wetland nutrient sink was replaced by cropland, thereby impacting on water purification services. Cultural services were provided for a short period of time via educational and touristic tours at the Hula Nature Reserve, but were subsequently stopped, and supporting services changed, resulting in a considerable reduction of habitats for local and migrating species.
Thirty years after the beginning of the drainage project (between 1980 and 1993) , the converted wetland degraded dramatically. Agricultural provisioning services decreased, as costs escalated and peat areas were damaged and burnt. Regulating services continued to decline, affecting the Sea of Galilee. The provision of cultural services dropped and supporting services decreased as a result of the continuous degradation of habitats. Biodiversity was adversely affected too, due to the land transformation and secondary effects of the Hula Valley degradation and due to the low water quality in the nature reserve. Following the creation of the Agamon Lake and channels (after 1994), planned as corrective measures to stop the degradation of the peat soils and protect the Sea of Galilee from nutrient loads, i.e. to regenerate the regulating services, the provisioning services increased at the Hula, with higher biodiversity, more water and crops. As planned, the regulating services grew significantly and the rehabilitated Hula Valley provides, today, water regulation and purification services, positively influencing the quality of water flowing to the Sea of Galilee. We also witnessed an increase in the provision of cultural services. The regeneration of regulating services led to a rapid increase in the provision of cultural services, which are provided, more diverse and accessible than ever before, following the development of ecotourism and artistic activities in the Hula Valley around the Agamon. It also led to an increase in the provision of supporting services, with high primary production and numerous diverse available habitats.
We observe that during these years, changes that were intended to strengthen particular ecosystem services affected other ecosystem services. Some changes occurred at an accelerated pace and others at a slower pace. Some changes had large spatial effects and others limited spatial influence. We analyse ecosystem services trade-offs in the Hula Basin, along the three axes-temporal, spatial and reversibilitydefined by Rodriguez et al. (2006) : (a) The temporal scale refers to whether the effects take place rapidly or slowly (Rodriguez et al. 2006 ). An example of effects that took place rapidly is the change in provisioning services that took place over the years following the Hula Wetland drainage, such as the shift from raw materials provision and subsistence economy to mass production of crops and fishponds. These changes also reflect social and economic changes in the same period in Israel. In contrast, some effects took place much more slowly, such as the reduction of major regulating services (water regulation and purification) a few decades later, causing serious environmental problems at the Hula and downstream. A last example of rapid temporal trade-off was observed in the mid 1990s when the water table was raised and the Agamon Lake was re-flooded. This rehabilitation project, aimed at regenerating some of the lost regulating services at the expense of some agricultural services, helped recover some of the lost provisioning and supporting services, with the rehabilitation of some diverse wetland habitats for local and migratory species. The unexpected amount of migratory birds arriving to the area generated new cultural services centred around these rejuvenated wetland habitats. (b) The spatial scale refers to whether the trade-off effects are felt locally or at a distant location (Rodriguez et al. 2006) . Draining the wetland to increase freshwater supply and agricultural provisioning services caused a major decline in regulatory services, such as the release of large amounts of nutrients downstream, affecting the Sea of Galilee. Here, the changes in agricultural provisioning ecosystem services that occurred at a local scale had an effect on other ecosystem services at a distant location downstream. Another example of spatial ecosystem services trade-off is the unexpected outcome of the Agamon rehabilitation project, when large numbers of migrating birds rapidly arrived at the Agamon Project area, providing birdwatching opportunities (cultural services) for a large number of tourists, coming both from other parts of Israel and from other countries. (c) Reversibility of ecosystem services trade-offs expresses the likelihood that the perturbed ecosystem service may return to its original state if the perturbation ceases (Rodriguez et al. 2006) . In the presented case study, some ecosystem service trade-offs are irreversible, such as the extinction of species, some of them endemic to the Hula Wetland, as a result of the drainage. However, others (regulating services and supporting services to migratory birds) proved to be reversible.
Many of the environmental problems that occurred following the Hula wetland drainage have been heavily criticized; conservation tools, such as analysis of ecosystem service trade-offs are developed to help decision makers assess the impact of future decisions. While we find it hard to believe that any conservation considerations, in the period before and immediately following the establishment of the state of Israel, would have had an effect on decision makers, considering the settlement and land-use doctrines of the day (e.g. Reichman 1979), we hope that this conceptual framework will trigger more sound consideration of future transformations of this site, and of other wetlands in semi-arid regions. An analysis of ecosystem services trade-offs will allow managers to better consider the impact of their activities on ecosystem services management.
